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GLIIHUHQW NLQG RI ZHOGLQJ SURFHVVHV GHSHQGLQJ XSRQ WKH GLVVLPLODU PHWDOV XQGHU FRQVLGHUDWLRQ 7KH DGDSWLRQ RI
GLVVLPLODUPHWDO FRPELQDWLRQVSURYLGHVSRVVLELOLWLHV IRU WKH IOH[LEOHGHVLJQRI WKHSURGXFW E\ XVLQJ HDFKPDWHULDO
HIILFLHQF\LHEHQHILWLQJIURPWKHVSHFLILFSURSHUWLHVRIHDFKPDWHULDOLQDIXQFWLRQDOZD\
&'9 VWHHO LVDKLJKVWUHQJWK ORZDOOR\VWHHO 7KHQDPH&'9LVD)UHQFKGHVLJQDWLRQ LQ ZKLFK WKH ILUVW
QXPEHU LV HTXDO WR  WLPHV WKH FRQFHQWUDWLRQ RI FDUERQ 7KH OHWWHUV ZKLFK IROORZ LQGLFDWH WKH RWKHU HOHPHQWV
SUHVHQWLQWKHGHFUHDVLQJRUGHURIFRQFHQWUDWLRQ7KHODVWGLJLWLVHTXDOWRIRXUWLPHVWKHFRQFHQWUDWLRQRIFKURPLXP
,Q WKH )UHQFK QRWDWLRQ & VWDQGV IRU FKURPLXP ' IRU PRO\EGHQXP DQG 9 IRU YDQDGLXP ,W WKHUHIRUH WKDW LQ
&'9 VWHHO WKH FRQFHQWUDWLRQ RI FDUERQ LV  ZKLOH WKDW RI FKURPLXP LV O DQG WKH FRQFHQWUDWLRQV RI




+DQ >@HWDO UHSRUWHGWKDW &'9VWHHOFRQWDLQVEDLQDWLFVWUXFWXUHXSRQLQFUHDVLQJWHPSHUDWXUHXSWR&WKH
PDWHULDO XQGHUJRHV D VHFRQGDU\ KDUGHQLQJ HIIHFW ZKHUH LQFUHDVH LQ VWUHQJWK DQG KDUGQHVV RI D PDWHULDO E\
SUHFLSLWDWLQJ WKH DOOR\ FDUELGHV QDPHO\ 0R& 9& ,QGXPDWKL >@ HW DO GLVFRYHUHG ORQJWHUP SHUIRUPDQFH
HYDOXDWLRQVWXGLHVRID HFRIULHQGO\FRDWLQJVFKHPH ZKLFK ZHUHFDUULHGRXWRQ&'9VWHHODQXOWUDKLJK VWUHQJWK
VWHHOXVHGLQWKHDHURVSDFHLQGXVWU\
/DQJDQG1 .HQ\RQ>@HWDO VWDWHG WKDW 6$(VWHHOLVDQXOWUDKLJKVWUHQJWKORZDOOR\KHDWWUHDWDEOHVWHHO
ZLGHO\XVHGLQYDULRXVDLUIUDPHVWUXFWXUHDQGFRPSRQHQWVVWHHOVDUHFODVVLILHGLQWKHFDWHJRU\RIKLJKVWUHQJWK
PHGLXP FDUERQ ORZ DOOR\ VWHHOV ,W LV RQH RI WKHPRVWZLGHO\ XVHG VWHHOV LQ DLU FUDIW FRQVWUXFWLRQ EHFDXVH RI LWV
FRPELQDWLRQRIPRGHUDWHVWUHQJWKDQGUHDVRQDEOHGXFWLOLW\LQWKHTXHQFKHGDQGWHPSHUHGFRQGLWLRQV
6$(  LV D ORZ DOOR\ VWHHO FRQWDLQLQJ PRO\EGHQXP DQG FKURPLXP DV VWUHQJWKHQLQJ DJHQWV 7KLV DOOR\ LV
UHDGLO\PDFKLQHGLQFRQYHQWLRQDOPHWKRGV0DFKLQDELOLW\LVWKHEHVWZLWKWKHLQQRUPDOL]HGDQGWHPSHUHGFRQGLWLRQ
+5F$OWKRXJKWKHDOOR\PD\EHPDFKLQHGLQWKHIXOO\KHDWWUHDWHGFRQGLWLRQ %URZQ >@DQG 'DEH]LHV >@ HW
DO VWDWHWKDW 0DFKLQDELOLW\ EHFRPHVPRUHGLIILFXOWZLWKLQFUHDVLQJVWUHQJWKKDUGQHVV+5FRIWKHDOOR\,WKDV
UHODWLYHO\ ORZ KDUGHQDELOLW\ EHFDXVH RI ZKLFK XQLIRUP PHFKDQLFDO SURSHUWLHV FDQ EH REWDLQHG RQO\ LQ VHFWLRQ
WKLFNQHVV WKDW DUH VPDOO HQRXJK PP WKURXJK KDUGHQ ZKHQ TXHQFKHG DIWHU WHPSHULQJ DW & LW FRQWDLQV
WHPSHUHGPDUWHQVLWH IXUWKHULQFUHDVLQJLQWHPSHUDWXUHWKLVWHPSHUHGPDUWHQVLWHLVWUDQVIRUPLQJWRFRDUVHPDUWHQVLWH
&'9DQG6$(VWHHOVDUHGLVVLPLODUZLWKUHVSHFWWRFKHPLFDOFRPSRVLWLRQDQGKHDWWUHDWPHQWSURFHVVHV
&RQVLGHULQJ WKH H[WHQVLYH XVDJH RI WKH PDWHULDOV LQ DHURVSDFH LQGXVWULHV ZHOGLQJ RI WKHVH WZR GLVVLPLODU
PDWHULDOVDUHDWWHPSWHG 7DEOHVKRZVW\SHRIZHOGDQGPDWHULDOKHDWWUHDWPHQWFRQGLWLRQV $OOWKH VL[ W\SHVRI ZHOG
FRXSRQVDUH1'(WHVWHGDQGPHFKDQLFDOSURSHUWLHVVXFKDVXOWLPDWH WHQVLOHVWUHQJWK\LHOGVWUHQJWKSHUFHQWDJHRI
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x 3UHZHOGLQJFOHDQLQJ PHWKRGV%HIRUH ZHOGLQJ WKHVXUIDFHVRI WKHVKHHWVZHUHGHJUHDVHGZLWK WKH WKRURXJK
DSSOLFDWLRQRIDFHWRQHXVLQJWKHOLQWIUHHFRWWRQFORWK)XUWKHUD]RQHPPIURPHDFKVLGHRIZHOGMRLQWZDV
VFUXSXORXVO\FOHDQHGZLWKVWDLQOHVV VWHHO URWDU\ZLUHEUXVK
x 7DFNZHOGLQJ 	0DWHULDO 6HOHFWLRQRI ILOOHU 7KHVKHHWVZHUHWDFNZHOGHGDWERWKWKHHQGVDQG FHQWUH RIWKH
MRLQWEHIRUHIXOOZHOGLQJWRDYRLGPLVPDWFKEHWZHHQWKHSODWHV )RUDQ\FRPELQDWLRQRIGLVVLPLODUZHOGLQJWKH
VHOHFWLRQ RI ILOOHUPDWHULDO SOD\V D NH\ UROH RQ WKH ILQDOZHOGPHQW SURSHUWLHV )RU WKH SUHVHQW ZRUN &'
DOOR\ ILOOHUZLUHXVHGWKLVDOOR\LV VOLJKWO\PRGLILHGFKHPLFDOFRPSRVLWLRQRI&'9VWHHO LV KDYLQJ&
0Q&U0R6L6 3
x :HOG 7KH VKHHWV RI WZR GLVVLPLODU PDWHULDOV 6$( 	 &'9 DOOR\ VWHHOV ZLWK VL]HV RI PP ;
PP ; PP DUH ZHOGHG E\ LQWHUSXOVH 7,* ZHOGLQJ SURFHVV 7KH SULQFLSOH RI LQWHUSXOVH 7,* ZHOGLQJ
SURFHVV LV EDVHG RQFRQVWULFWLRQRIZHOGLQJDUFE\ PDJQHWLF ILHOG DURXQGWKHDUF7KHVWUHQJWKRIWKH HOHFWULF
ILHOG LVGLUHFWO\SURSRUWLRQDOWR WKHUDWHRIFKDQJHRIPDJQHWLF ILHOG7KHLQWHUSXOVHJHQHUDWHVKLJK IUHTXHQF\
SXOVHV WKHUHODWLRQVKLSV RIZKLFKDUHSURJUDPPDEOH WRDOWHU WKHPDJQHWLF ILHOGRI WKHDUF WKXVHQDEOLQJ WKH
FRQWURO RI WKH FRQVWULFWLRQ RI WKH DUF DQG OHDGLQJ WR OHVV KHDW LQSXW DQG VPDOO +$= FRPSDUH WR QRUPDO
FRQYHQWLRQDO7,*ZHOGLQJSURFHVVHV DQGFRQVHTXHQWO\ LPSURYHPHQWLQPHFKDQLFDOSURSHUWLHVRIWKHZHOGPHQW
DUH DFKLHYHG E\LQWHUSXOVH7,* ZHOGLQJSURFHVVHV 7KHZHOGLQJSDUDPHWHUVXVHGLQWKLV SUHVHQW LQYHVWLJDWLRQ
DUHJLYHQLQ7DEOH7KHZHOGFRXSRQVZHUHVXEMHFWHGWR;5D\UDGLRJUDSK\WHVWDQGG\HSHQHWUDWHWHVWDVSHU
DFFHSWDQFHFULWHULDRI$60(%39&VHFWLRQ9,,,'LYDQG$670(UHVSHFWLYHO\








0HWDOORJUDSKLF VWXGLHV FRQVLVWLQJ RI PLFUR VWUXFWXUDO H[DPLQDWLRQ RI WKH ZHOG ]RQH +$= DQG EDVH
PDWHULDOV)RUWKLVSXUSRVH2O\PSXVPDNHRSWLFDOPLFURVFRSHZDVHPSOR\HG'LIIHUHQWLDOHWFKLQJZDVFDUULHGRXW
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x $ 7KHPLFURVWUXFWXUHRI$VLPLODU&'9 WKHEDVHPDWHULDOFRQVLVWVRI ODPHOODUSHDUOLWLFVWUXFWXUH LQD
IHUULWHPDWUL[DVVKRZQLQD 7KHIXVLRQ]RQHFRQVLVWVRI EDLQLWLFIHDWXUHVILQH DVVKRZQLQILJF7KH+$=
H[SHULHQFHVRIJUDLQFRDUVHQLQJDVVKRZQLQILJE
x $ 7KHPLFURVWUXFWXUHRI$GLVVLPLODU 6$( 	&'9 VWHHOIURP&'9VWHHOVLGHWKHEDVHPDWHULDO
FRQVLVWVRIODPHOODUSHDUOLWLFVWUXFWXUHLQD IHUULWHPDWUL[ DVVKRZQLQILJD DQG6$(DOVRFRQVLVWVRIVLPLODU
VWUXFWXUHDVPHQWLRQHGDERYHDVVKRZQLQILJD+$=RI&'9VWHHOVLGHLWH[SHULHQFHVJUDLQFRDUVHQLQJ GXH
WRORZDQGKLJK WKHUPDOF\FOHVDVVKRZQLQILJE EHFDXVHRI KLJKKHDWDIIHFWFRPSDUHWRSDUHQWPDWHULDOZKHUHDV
LQ+$=RI6$(VLGHODPHOODUSHDUOLWHZLWK KLJKFRQFHQWUDWLRQRIIHUULWHPDWUL[DVVKRZQLQILJF :HOG]RQH
RI$LVIRXQGWR EHVLPLODUWRWKDWRIWKHZHOG]RQHRI$VLPLODU&'9ZHOGDVVKRZQLQILJF
x +7 7KHPLFURVWUXFWXUH RI +7 IURP6$(  VWHHO VLGH DIWHU SRVW ZHOG KHDW WUHDWPHQW WKH EDVHPDWHULDO
FRQVLVWVRI ILQHDFLFXODUDQG WHPSHUHGPDUWHQVLWHDV VKRZQLQ ILJD IURP&'9 VWHHO VLGH WKH EDVHPDWHULDO
VWUXFWXUHVKRZVFRPSOHWHO\EDLQDWHVWUXFWXUHDVVKRZQLQILJE+$=RIFRQVLVWVRIUDQGRPO\RULHQWHGILQH
DFLFXODUPDUWHQVLWHDV VKRZQ LQ ILJH+$=RI&'9FRQVLVWVRIFRDUVHPDUWHQVLWHVWUXFWXUHDVFRPSDUHG WR
EDVH PDWHULDO RI &'9 DOOR\ VKRZQ LQ ILJ G 7KHZHOG ]RQHPLFURVWUXFWXUH FRQVLVWV RI PDUWHQVLWH QHHGOHV
)LJXUH $0LFURVWUXFWXUHVD%DVHPDWHULDORI&'9E +$=RI&'9F :HOG=RQH
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FU\VWDOOL]HDORQJFOHDYDJHSODQHVDQGVKRZ¶VWKUHHGLUHFWLRQVRIWKHZLGPDQVWDWHQVWUXFWXUHDVVKRZQLQILJF
x +7 7KHPLFURVWUXFWXUHRI+7 LQ WKHEDVHPDWHULDORI6$(VWHHOFRQVLVWVRIWHPSHUHGODWKPDUWHQVLWHDV
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x +7 7KHPLFURVWUXFWXUHRI+7 ,QWKHEDVHPDWHULDORI6$(VWHHOFRQVLVWVRIWHPSHUHGODWKPDUWHQVLWHDV
VKRZQLQILJDWKH+$=RQH[SHULHQFHVPDUWHQVLWLFFRDUVHQLQJGXHWRH[SRVLQJRIKLJKWHPSHUDWXUHVGXULQJ
ZHOGLQJDVVKRZQLQILJG ZKLOHLQEDVHPDWHULDORI&'9 VWHHOVKRZVWHPSHUHGEDLQDWHVWUXFWXUHDVVKRZQ LQ





)LJXUH +7 0LFURVWUXFWXUHVD%DVHPDWHULDORI6$( E%DVHPDWHULDORI&'9F:HOG=RQHG+$=RI6$(
H+$=RI&'9
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VSHFLPHQLVSUHSDUHGWRKDYH PLUURUILQLVKIUHHIURPVXUIDFHFUDFNVQRZDWHUPDUNVWRLGHQWLI\ WKHFOHDUYLVLRQRI
LQGHQWDWLRQ
,Q $ ZHOG]RQH H[KLELWHGKLJKHUKDUGQHVV+5FWKDQ+$=+5FDQGEDVHPDWHULDO+5FDQ
LQFUHDVHGKDUGQHVVLQIXVLRQ]RQHSUREDEO\GXHWRPDUWHQVLWHDVVKRZQLQILJD $ ,QZHOG]RQHLWLVREVHUYHG
KLJKHUKDUGQHVV+5FWKDQLQ+$=+5FDQGEDVHPDWHULDOVLGH+5FDVVKRZQLQILJE $ ,QZHOG
]RQH LW LVREVHUYHGKLJKHUKDUGQHVV +5F WKDQ LQ+$=+5FDQGEDVHPDWHULDO RI&'9VLGH +5F
6$(  VLGH +5F DV VKRZQ LQ ILJ F +7 7KH EDVH PDWHULDO RI &'9 H[KLELWHG KLJKHU KDUGQHVV
+5FWKDQLQIXVLRQ]RQH+5FDQGLQEDVHPDWHULDORI6$(+5FWKHGHFUHDVHGKDUGQHVVLQ6$(
DQGLQIXVLRQ]RQHSUREDEO\GXHWRWKHVRIWHQLQJRIWKHVHUHJLRQVE\KLJKWHPSHULQJWHPSHUDWXUHDVVKRZQLQ
ILJ G +7 7KH EDVHPDWHULDO RI 6$( H[KLELWHG KLJKHU KDUGQHVV +5F DV WKH LQFUHDVH LQ WHPSHULQJ
WHPSHUDWXUHVIRU+7FRQGLWLRQWKHUHLVKDUGQHVVGURRSLQJWUHQGZLOORFFXUGXHWRWKHIRUPDWLRQRIFRDUVHWHPSHUHG






%HIRUHJRLQJ WR PHDVXUH WKHUHVLGXDOVWUHVVV WKHPDWHULDO VXUIDFHVKRXOGEHFOHDQIURPFRUURVLRQGLUW RLODQG
JUHDVH,QRXUSUHVHQWZRUNWKHZHOGHGVDPSOHVZHUHHOHFWUR SROLVKHGWRDYRLGRLODQGJUHDVH7KHHOHFWURSROLVKLQJ
GLVVROXWLRQOLTXLGFRPSRVLWLRQFRQVLVWVRI:DWHU ± PO*O\FHULQ  PO+32  PO+62  PO
7KHH[SHULPHQWGHWDLOVDUH 'LVVROXWLRQWLPHPLQ&XUUHQWV$PS7HPSHUDWXUHÛF9ROWDJHY

7KH UHVLGXDO VWUHVV PHDVXUHPHQW ZDV FDUULHG RXW ZLWK 35272PDNH 3RUWDEOH ;UD\ UHVLGXDO VWUHVV DQDO\]HU
HPSOR\LQJ&U.Į UDGLDWLRQ )URPWKHZRUNVRI +LOOH\ >@ DQG 1R\DQ DQG&RKHQ >@ HWDO ZHFDQLQIHUWKDW ;UD\







ZHOGPHQWLHSHUSHQGLFXODUWRZHOGLQJGLUHFWLRQ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&RQFOXVLRQV
x ,QWHUSXOVH 7,*:HOGLQJ SURFHVV KDYH EHHQ SHUIRUPHG VXFHVVIXOO\ WR MRLQ WKH ORZ DOOR\ VWHHOV 6$( 	
&'9E\XVLQJ&'ILOOHUZLUH
x ,QWKHIDEULFDWLRQ RID +LJKSUHVVXUHYHVVHOVPDGHXSRI&'9VWHHOZHOGHGMRLQWVDUHLQHYLWDEOH,QWKHFDVH
RIODUJHGLDPHWHU SUHVVXUHYHVVHOV ZLWKOHVVWKLFNQHVVFRQWUROOHGZHOGLQJDQGORZKHDWLQSXWLVYHU\GLIILFXOWWR
DFKLHYH ,QWHUSXOVH7,*ZHOGLQJ SURFHVV FDQ DFKLHYH OHVV KHDW LQSXW DQG VPDOO+$= DQG DOVRPLQLPL]H WKH








FRQGLWLRQV DQG WKH PLFURVWUXFWXUH SUHGRPLQHQWO\ FRQVLVWV RI IHDWKHU\ EDLQDWH VWUXFWXUH LQ IXVLRQ ]RQH 7KH
VDPSOHV KDYH IDLOHG DW &'9 VWHHO VLGH EHFDXVH $F DQG $F DUH Û& Û& WKHUHIRUH WKHUH LV QR
VXIILFLHQWWHPSHUDWXUHWRDXVWHQL]LQJWKHVWHHO
$FNQRZOHGJHPHQWV
7KH DXWKRUV ZRXOG OLNH WR H[SUHVV WKHLU VLQFHUH JUDWLWXGH WR 6KUL 6LEQDWK 6RP 7KH 'LUHFWRU '5'/
+\GHUDEDG IRU KLV FRQVWDQW VXSSRUW WR FDUU\ RXW WKLV H[SHULPHQW 7KH DXWKRUV DOVR WKDQN WKH +HDG 0DWHULDO
'HYHORSPHQW 'LYLVLRQ 0'' IRU KLVFRQVWDQW VXSSRUW WR FDUU\RXW WKH FKDUDFWHUL]DWLRQSDUW DV LQ PHWDOORJUDSK\
PHFKDQLFDOWHVWLQJPLFURKDUGQHVVDQG PHDVXUHPHQWRI UHVLGXDOVWUHVVHV
5HIHUHQFHV
>@ 75 %DQG\RSDGK\D\3.ULVKQD 5DR DQG3UDEKX1 'HYHORSPHQWRIXOWUDKLJKVWUHQJWK6WHHOVWKURXJKHOHWURVODJUHPHOWLQJDQG
LQRFXODWLRQ ,URQ PDNLQJDQG6WHHOPDNLQJ9RO1RSS
>@ 'LQJDQG:HL[LQ+DQ ³6HFRQGDU\ KDUGHQLQJEHKDYLRXURI&U0Q0R9WKLQUROOHGWXEH$FWD0HWDOOYRO1RSS
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>@ .5%URZQ'HF ³)HUURXV$OOR\V6$(´$HURVSDFHVWUXFWXUDOPHWDOV+DQGERRN&RGHSS
>@ %955DYLNXPDUDQG-66RQL-XQH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
>@ %'DEH]LHV DQG -06LJQDPDUFKHL[ 0DU 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 ³/DVHU%HDP:HOGLQJRI&'96WHHO6SHFLPHQV´ 1XPEHU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
>@ ,QGXPDWKL 6 9DVXGHYDQ 7 6XQGDUUDMDQ 6 6XEED 5DR %9 0XUWK\ &96 <DGDY '5  $SULO  0D\  &DGPLXP DQG
FKURPDWHIUHHFRDWLQJVFKHPHVIRU FRUURVLRQSURWHFWLRQRI&'9VWHHO 61, 30HWDO)LQLVKLQJ YROLVVXH
>@ +LOOH\0 (HGLWRU 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6RFRI$XWR(QJ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
>@ 1R\DQ, &DQG &RKHQ- % 5HVLGXDO VWUHVVPHDVXUHPHQWE\GLIIUDFWLRQDQGLQWHUSUHWDWLRQ1HZ<RUN6SULQJHU9HUODJ
)LJXUH 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